We have observed eight red giants and supergiants at 4885 MHz (6 cm) with the Very Large Array in an attempt to detect continuum emission. The bright giant a 1 Her (M5 II) was detected at an average flux density of 0.9 ± 0.13 mJy. Since the likely source of this emission is an ionized, optically thick component of a stellar wind, this detection implies a mass loss rate of 2 X 10 ~9 M Q yr -1 for the ionized gas. The fraction of the outflow in a 1 Her that is ionized (0.002-0.02) seems to be similar to that previously found for a Ori and a Sco A. Alpha Boo (K2 IIIp) and ß Gem (K0 III) are probable and definite detections, respectively. The derived ionized mass loss rates for these two stars are about 1 X 10 ~1 0 M Q yr _1 , implying in the case of a Boo that the wind is largely ionized.
I. INTRODUCTION
Single red giants and supergiants have been extremely difficult to detect as continuum radio sources. The best known and documented sources are a Ori (M2 lab) and a 1 Sco (Ml lb) (Wischnewski and Wendker 1981; Newell and Hjellming 1982; Hjellming and Newell 1982, 1983) . Heretofore, no single red giants (MK class III) have been detected. Observations of hot stars and premain-sequence stars at 6 cm have provided accurate mass loss rates for their ionized winds, and this technique should also be extremely useful for cool, luminous stars, although their winds may only be partially ionized. We have therefore begun a program of microwave observations using the NRAO 2 Very Large Array. (For a description of the VLA, see Thompson et al 1980.) The program stars are of G, K, and M spectral type and luminosity classes la through III, excluding close binaries and pre-main-sequence stars. Here we present results from our first two observing runs in which we have definitely detected at 6 cm the M5 II star a 1 Her and the K0 III star ß Gem, probably detected a Boo (K2 IIIp), and not detected five other stars. The detection of ß Gem, and that of a Boo, if confirmed, represent the first detections at radio wavelengths of winds from K giant stars.
II. OBSERVATIONS
Our observations were made at 4.885 GHz on 1983 January 21 when the VLA was in the C configuration and on 1983 May 20 when the array was in a hybrid C/D configuration. A maximum of 24 antennas provided usable data in the January observations and a maximum of 26 in the May observations. The final antenna solutions for both data sets contained only a handful of amplitude and phase closure errors greater than 8% and 8°, respectively, and none greater than 11% or 11°. Coordinates and fluxes for the eight stars for which good data are available are fisted in Table 1 . The fluxes quoted were determined from an observation of 3C 286, assuming a flux density of 7.41 mJy. Since we did not apply any limits on the (u, v) plane coverage for the latter, our fluxes should have uncertainties in the range ±5%. Phase calibrators were observed at 30 minute intervals. Our criteria for a detection are:
1. The presence of peak radio flux coincident with the optical position to within the combined radio and optical uncertainties (~ 2"). Since our half-power beam width is -4" in the C array observations and is ~ 5" X 10" in the C/D hybrid array, the 6 cm position can be a large source of uncertainty, particularly for weak sources. The major inaccuracy in the optical positions of the stars results from the large proper motion corrections.
2. The radio peak flux being at least 3 times the mean rms noise. According to Abbott et al (1980) , the probability of a random background source with a flux density greater than 0.5 mJy lying within 075 of the optical L77 position is only 1 in 40,000. For an error circle of 2" radius, the probability is still only 1 in 2,500. In order to avoid an intermittent problem (reported in recent VLA documents) of fictitious weak sources ~ 1 mJy) appearing at the field center, we have offset the beam by 15" either north or south of the expected target coordinates. Strong serendipitous sources of 25 and 75 mJy, respectively, are located near a Boo and fi UMa. Therefore, the intensity maps of these fields have been "CLEANed" of the sidelobes of these bright sources using the standard VLA utility programs (Clark 1980) . We present in Table 1 either the 6 cm flux density and the ratio of this quantity to the rms noise (1 a) or the 3 a upper Emit. The detection is certain for a 1 Her (see Fig.  1 ), since we have two separate data sets with highly significant (»3 a) sources at the correct location. There is also clearly a radio source present very close (~ 2") to the FK4 optical position of ß Gem. This positional discrepancy is twice as large as the expected uncertainty in the position of a 3 a radio source observed in the C configuration and thus may be significant. In this paper, we shall assume that the radio source is associated with ß Gem. Even though we have two independent 3 a detections of a radio source close to the optical position of a Boo, we claim only a probable detection of this star and plan a reobservation of this field at higher signal-to-noise ratio and at a later date. If the source is real and associated with a Boo, it should share the large stellar proper motion (> 2" per annum).
III. DISCUSSION
We summarize relevant information about the stars in Table 2 . The outflow velocity for a 1 Her is well known from many studies of its rich set of circumstellar absorption features. The velocity field for fi Cep appears to be very complex as no fewer than five different circumstellar components have been observed (Bemat 1981 ) with radial velocities relative to the star ranging from -8 to -47 km s -1 . We have therefore assumed a "mean" outflow velocity of 20 km s 1 . The velocities of the winds from a Boo and a Tau were derived from the radial velocities of the violet-displaced absorption components in the Mg ii resonance Unes (e.g., Stencel et al 1980) , while for jti UMa the velocity was taken from an optical study of its circumstellar features (Boesgaard and Hagen 1979) . We adopt plausible velocities for a 1 Her, ß Crv, and ß Gem as there are no published measurements.
In the following discussion we have assumed the mechanism of radio emission is optically thick, free-free radiation from the ionized component of a constant velocity, cool (T ~ 10 4 K) stellar wind. The microwave flux S v is related to the ionized mass loss rate M ion by where M ion is the mass loss rate of ionized gas in M q yr -1 , D is the distance in kpc, and is the outflow 'Spectroscopic binary with a period of 230 days. velocity in km s _1 . We shall defer alternative interpretations of the radio emission until a subsequent paper. The mass loss rates quoted in Table 2 were obtained using equation (1) and refer only to the ionized components of the winds.
In a previous 6 cm survey of cool stars, Bowers and Kundu (1981) did not detect a 1 Her with a quoted upper limit of 0.5 mJy. Since we have detected a 1 Her as a 1.2 mJy source on 1983 January 21 and as a 0.8 mJy source on 1983 May 19, its radio flux is likely variable. The ionized mass loss rate implied by our average measured flux and an assumed distance of 125 pc is 2 X 10 _ 9 M g yr -1 ; this can be compared with recent total mass loss estimates for this star (Bemat 1977; Gehrz and Woolf 1971; Hagen 1982; Hagen, Stencel, and Dickinson 1983; Reimers 1977a , b\ Sanner 1976 all based on optical and/or infrared studies. Since these total mass loss rates he in the range 8 X 10 " 8 to 1 X 10 -6 M 0 yr -1 (including only values not subsequently revised by the same author), we estimate that L80 the fraction of ionized material in the envelope of a 1 Her is 0.2%-2%. Model atmospheres (Auman and Woodrow 1975) of similar temperature and gravity to a 1 Her predict an ionization fraction of only 10 ~ 6 to 10 ~5 for the photospheric regions, and thus the wind is overionized with respect to the photosphere. The observed ionization fraction of the wind is equivalent to the ionization fraction of an LTE gas at a temperature of 5-7 X 10 3 K. Calculations for the ionized fraction in a Ori and a Sco A based on the same type of analysis yield similar numbers.
The presence of a fairly substantial ionization in the wind of a 1 Her is not, in retrospect, too surprising. The detection of Fe I and Fe n emission lines (Herzberg 1948 ) and the strong chromospheric-type emission cores in Ca ii (Wilson and Bappu 1957) and Mg n (Bemat and Lambert 1978; Stencel et al. 1980 ) resonance lines implies significant material at temperatures of 5-10 X 10 3 K, while He I \10,830 Â emission (O'Brien and Lambert 1979) is consistent with a warm extended wind. Our radio flux permits for the first time a quantitative estimate of the amount of this ionized material.
Two additional features should be commented about concerning the January 21 map containing the a 1 Her source. (1) There is a 5" extension of the 1.2 mJy source in the southwest direction that corresponds to more than 3 a. This feature could not be resolved in the May observations. (2) There is a secondary source (labeled S) about 15" south-southwest of a 1 Her in both observations that appears significantly nonpointlike in Figure 1 . None of the other 3 a features in Figure 1 are present in the 1983 May map obtained with a higher signal-to-noise ratio, and thus they are presumably noise maxima.
A previous upper limit of 0.5 mJy at 6 cm for a Boo (Bowers and Kundu 1981) is slightly above our probable detection level. The most sensitive previous upper limit for ß Gem is 5 mJy at 3 cm (Wendker 1978) . The flux densities of these K giants imply ionized mass loss rates of 1.2 X 10" 10 and 7.5 X 10 -n M Q yr' 1 , respectively. There are few reliable estimates of mass loss rates for K giants and none to our knowledge for ß Gem. Simply assuming the same mass loss rate per unit area as for the Sun, we estimate 3 X 10" 12 M 0 yr -1 for ß Gem. If instead we use the similar empirical scaling law, based mostly on M giants, suggested by Goldberg (1979) [M = 3 X 10-U (R/R Ö ) 2 M q yr _1 ], we derive 3 X 10-10 M 0 yr " ^ These two values may bracket the actual value for this K giant. Ayres, Simon, and Linsky (1982) have made two independent estimates for the mass loss rate of a Boo of 3 X 10 " 10 and 2 X 10 -9 M 0 yr _ \ based on two different ultraviolet spectroscopic diagnostics. Line profile modeling of the asymmetric Mg n resonance fines in a Boo by Chiu et al. (1977) implied M = 8 X 10 -9 M q yr _1 , but their unrealistic assumptions of complete frequency redistribution of scattering photons and plane-parallel geometry make this estimate uncertain. In Vol. 274 a more recent calculation of the a Boo Mg n fine profiles that does not make these simplifications, Linsky (1982, 1984) derived a total mass loss rate of ~ 1 X 10 ~1 0 Mq yr Since this value is similar to the ionized mass loss rate derived in the present study, we believe that the wind from a Boo is largely ionized.
The upper limits on the ionized mass loss rates from ß Crv, a 2 Her, a Tau, and fi UMa are consistent with the idea that, for most single G to early M type III stars, Mion < 1 X 10 ~1 0 M 0 yr -1 . The failure to detect fi Cep implies that this M2 la star cannot have an ionized mass loss rate significantly greater than the M lab stars a Ori and a Sco A for which M ion ~ 10 -8 M ö yr This is consistent with the radius of /i Cep (1400 R ö ) being only 40% greater than that of a Ori (1000 Rq) and 75% greater than that of a Sco A (800 R 0 ).
IV. FUTURE PROSPECTS
The failure to detect a Tau (18 pc), /x UMa (29 pc), and ß Crv (30 pc), with upper limits of 0.4 mJy implies that a practical upper limit for the distance, D max , of detectable G-M giants at 6 cm may be about 20 pc. Thus, we would not expect to detect many more luminosity class III red giants, unless there are considerable variations in the mass loss rates for winds in such stars. The situation is more hopeful for the more luminous G-K stars if, as the present data suggest, the mass loss flux per unit surface area is similar for all luminous G-K stars, i.e., that M ion a R 2 ,. From equation (1), this means that S v oc R*/ 3 , and thus for a fixed detection threshold, that D max -R 4 / 3 . Given typical radii for G and K stars, this would imply D max « 100-300 pc for luminosity class II stars and D max « 300-1000 pc for lb stars. We predict therefore that the VLA will likely detect a high percentage of the G and K supergiants and bright giants that fie within these distances.
Our detection of a 1 Her, and the previous detections of a 1 Sco and a Ori, imply that the stellar winds from M I-II type stars may be easier to observe than previously assumed. Assuming that a 1 Her is at 125 pc and that its mass loss rate is typical for M II stars, we expect to detect M lab stars out to 600 pc and M II stars out to 200 pc. This implies that a dozen or so luminous M stars should be detectable. We plan to test these predictions in future observations. We also plan to reobserve a 1 Her and ß Gem at 2, 6, and 20 cm in order to derive a spectral index for the continuum emission, an important constraint on the microwave emission mechanism(s).
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